Children with epilepsy (CWE) have social difficulties that can persist into adulthood, and this could be related to problems with understanding others' thoughts, feelings, and intentions. This study assessed children's ability to interpret and reason on mental and emotional states (Theory of Mind) and examined the relationships between task scores and reports of communication and behavior. Performance of 56 CWE (8-16 years of age) with below average IQ (n = 17) or an average IQ (n = 39) was compared with that of 62 healthy controls with an average IQ (6-16 years of age) on cognition, language, and two advanced Theory of Mind (ToM) tasks that required children to attribute mental or emotional states to eye regions and to reason on internal mental states in order to explain behavior. The CWE-below average group were significantly poorer in both ToM tasks compared with controls. The CWE -average group showed a significantly poorer ability to reason on mental states in order to explain behavior, a difference that remained after accounting for lower IQ and language deficits. Poor ToM skills were related to increased communication and attention problems in both CWE groups. There is a risk for atypical social understanding in CWE, even for children with average cognitive function.
Introduction
Poor social outcomes are frequently reported in long-term follow-up studies of childhood-onset epilepsies, and these are not limited to individuals with structural brain abnormalities or intellectual disabilities [1, 2] . Even for adults with good cognitive development and no comorbidity, forming and maintaining social relationships can remain problematic [3] . Children with epilepsy (CWE) with normal global cognitive function also have difficulties in making friends and with peer relationships [4, 5] . Studies have found that parents report poorer social skills [6] and lower social competence in CWE compared with typically developing children [7, 8] and unaffected siblings [9] . Children with epilepsy with normal intelligence are often found to have cognitive and language deficits, and it remains unclear if social difficulties reflect neuropsychological impairment [10] . There is an increasing research focus on social development in CWE with recognition that deficits in social information processing and poor sociocognitive skills could help explain the worsethan-expected outcomes in terms of education, social adjustment, and mental health [11] . We use the term Theory of Mind (ToM) here to refer to a set of social cognitive skills involved in the ability to interpret and reason about others' mental and emotional states and use them to explain and predict behavior also known as 'mentalizing'. Theory of Mind development relies on social perceptual skills in order to recognize and attribute mental or emotional states as well as more complex social conceptual reasoning that involves inference on how these internal states are causally related to overt behavior [12] . Theory of Mind develops in tandem with other cognitive and linguistic skills [13] , and poor performance on ToM tasks is often found in children with disorders of communication and behavior [14] . Assessment of ToM may provide additional explanation for the communication and behavioral problems in children with epilepsy beyond measures of more general nonsocial cognitive or language functions.
Prior investigations of different facets of social cognition in CWE have mainly assessed patients with refractory epilepsy with normal intelligence and epileptogenic foci in regions associated with processing social-emotional content. Impairments in face processing [15, 16] , emotion recognition [15] , and emotional memory [17] have been observed, with one study reporting that poor recognition of fear predicted increased behavioral problems [15] . Poor affective ToM (inferring internal states from emotional cues) was also recently demonstrated in children with epilepsy with centrotemporal spikes [18] , indicating that ToM deficits may be present even in the most benign forms of the disease. These studies have provided evidence of specific impairments in particular epilepsy types, often with all groups showing poorer performance when compared with unaffected controls. We have recently found, in a small group of CWE, that ToM skills did not differ between generalized and focal seizure types and that no reliable relationships between task performance, communication, and behavior could be established [19] . Cognitive, psychiatric, and social adjustment problems are neurobehavioral comorbidities in CWE with normal intelligence, irrespective of syndrome [20, 21] . In the wider CWE population, impairments in sociocognitive skills (that would include ToM) are theorized to contribute to the poor development of social competence that includes poorer social skills, social adjustment problems, and lower social performance [8] . Similarly, the higher rate of reported social problems (i.e., peer isolation or rejection) observed in CWE [22] could be related to a poor ability to interpret and reason about others' mental and emotional states. There remains, however, a dearth of studies that have assessed such sociocognitive skills in children.
The substantial evidence of cognitive, linguistic, and behavioral problems in CWE suggests that school-aged children will likely perform less well on advanced ToM tasks compared with healthy controls. Studies often report that the mean IQ of groups with epilepsy is at the lower end of the normal range [23, 24] , and the ability to reason about belief states and to understand the causes and consequences of emotions is impaired in children with global developmental delay [25, 26] . Children with epilepsy with normal global cognition are also at higher risk for disorders of language and communication [27] [28] [29] . Preschool CWE have been found to have lower verbal IQ and deficits in basic language functions [30] [31] [32] , whereas school-aged CWE cohorts have displayed additional problems with more complex skills that include pragmatic language [33, 34] and conversational discourse functions [28, 35] . There is also a higher risk of thought disorder that is characterized by an impaired ability to use coherent casual reasoning and to monitor higherorder topic maintenance in communication [36] . Advanced ToM tasks require children to reason causally about others' internal states and to use language to explain social behavior. Furthermore, poor mentalizing skills have been found to predict increased peer problems in adolescents with a history of early language impairment [37] . Therefore, the cognitive and language dysfunction observed in CWE increases the risk of developing poor ToM that might be an additional marker of communication and social problems in school-aged children.
Poor cognition, language, and communication also overlap with behavioral problems that all contribute to social difficulties in CWE [4, 8, 38] . Comorbid inattention and affective disorders are frequently reported in children with average intelligence [11, 39] , and externalizing problems are an additional concern associated with lower IQ [40, 41] . Children with attention deficits are less able to process fully and integrate perceptual information from social cues that include signals from eye gaze and emotions [42] and also show impaired higherorder social cognitive reasoning [43] . Atypical mentalizing about others' intentions and misattributions of emotional cues are also implicated in child psychopathology [44, 45] .
In school-aged CWE cohorts, poorer cognition and language have been linked to an early age at epilepsy onset [46, 47] , illness duration [28] , persistent seizures [48] , and multiple AEDs [47] . These factors can be correlated in small samples of chronic epilepsies that can make it difficult to distinguish between separate effects and can be confounded with low IQ. Relationships between illness-related variables and neurocognitive outcomes are also known to vary depending on the child's global cognitive function [49] . Studies also report different associations between neurocognitive functions and communication and behavior in CWE with below average intelligence and average intelligence [41, 49] and emphasize the need to address the groups separately [11] . The present study included CWE with presumed genetic or unknown etiologies in mainstream education. It distinguished between CWE with a below average Full Scale IQ from those with a Full Scale IQ in the average range to test if perceptual and conceptual ToM deficits are present in CWE beyond global cognition and language skills. It assessed if IQ, language, or ToM skills predict parental reported problems in functional domains known to be at risk (communication, attention, social problems, internalizing and externalizing) and examined if epilepsy-related variables predict children's task performance.
Material and methods

Participants
The study involved 56 children with epilepsy (CWE) and a control group of 62 typically developing children. Inclusion criteria were CWE between 8 and 16 years of age with presumed genetic or unknown etiology and who attend a mainstream school. Exclusion criteria were cases of epilepsy with an identifiable structural or metabolic etiology. Recruitment involved identification of candidate children from a tertiary care pediatric neurology department and a community-based pediatrician's caseload in two urban areas. Patient medical information was accessed after written parental consent, child assent, and study participation. A consultant pediatric neurologist responsible for care at both sites reviewed clinical, EEG, and imaging information where available and categorized children in accordance with the revised terminology and concepts for epilepsies and seizures proposed by the International League Against Epilepsy (ILAE) Commission on Classification and Terminology 2005-2009 [50] . Nine (16%) children met the criteria for an epilepsy syndrome (2 CAE, 7 BECTS). The remaining participants were grouped on mode of seizure onset (generalized, focal, or features of both). Full details of the classifications are reported in Table S1 (Supplementary online materials). Information on epilepsy developmental variables (age at onset and duration), the presence of a seizure in the prior six months to study participation, and number of current medications was derived from clinical records. Seventeen (30%) children with epilepsy had a FSIQ b 80 (6 were in the range of 60 to 69). None of the included children were undergoing assessment for a psychiatric or neurodevelopmental disorder at the time of participation. A further six children participated but were excluded from the analyses. Four were attending or awaiting special school placement (IQ ranged from 46 to 59), one had incomplete study data, and one had a diagnosis of Asperger syndrome (IQ of 72).
A control group of typically developing children was recruited from local mainstream schools. Children were between 6 and 16 years of age without a diagnosis of a neurological or developmental disorder. As CWE were likely to perform less well than same-age peers, younger control children (n = 10) were included to improve the reliability of estimates used to standardize the experimental ToM measures [51] . None of the control children was in receipt of additional educational support. An estimate of socioeconomic status (SES) was derived from the National Statistics Indices of Total Deprivation 2010 rankings for postal codes that rank all neighborhoods in England from 1 (most deprived) to 32,482 (least deprived); the ranks were further grouped to represent the lowest, middle, and highest terciles. Table 1 displays the participant information for the three groups. These were CWE with below average IQ (FSIQ range = 60 to 79: 'CWE -below average'), CWE with average IQ (FSIQ range = 81 to 121: 'CWE -average'), and controls with an average IQ (FSIQ range = 83 to 121: 'Control -average'). Comparisons on demographic information found that, as a consequence of the recruitment strategy, the CWE -average group was significantly older than the Control -average group but did not differ on mental age. As might be expected, the CWE -average group was also less likely to be receiving educational support than the CWEbelow average group. As in previous studies [49] , the highest third SES tercile contained a much smaller proportion of the CWE -below average group than of the Control -average group (Table 1) . National Health Service and University Departmental Research Ethics Committees reviewed and approved the study before commencement.
Measures
IQ and language
Full Scale IQ (FSIQ) was estimated from four subtests of the Wechsler Intelligence Scale for Children IV -UK [52] . Each subtest was selected to represent one of the WISC-IV indices: Verbal Comprehension (Similarities), Perceptual Reasoning (Block Design), Processing Speed (Coding), and Working Memory (Digit Span). The short form has good reliability (r ss = .93) and validity (r = .91) with the complete battery FSIQ [53] . The estimated FSIQ has a mean of 100 and a standard deviation (SD) of 15. Language ability was also measured with the Recalling Sentences (RS) subtest from the Clinical Evaluation of Language Fundamentals IV -UK [54] . This is a test of auditory verbal working memory, assessing immediate processing of language content (meaning) and structure (syntax). It was chosen for its sensitivity in identifying children with language and communication disorders [55] . The subtest yields a standard score of 10 at the 50th percentile and a SD of 3. It has excellent test-retest reliability (r = .90) and correlates highly with the CELF-IV Core (r = .83) and Expressive Language (r = .84) indices [54] . An RS score of lower than 1.5 standard deviations below the mean was considered to be in the impaired range.
Theory of Mind (ToM)
Two advanced ToM tasks were employed in the study. The Strange Stories are short vignettes that describe events and assess social conceptual ToM. The child is required to generate a verbal response to one test question per story. Eight of the stories measure the child's ability to infer the character's mental states and use them to explain overt behavior, and eight control stories measure reasoning and explanations of physical events. The 16 stories and the coding strategy have previously been described in full [56] . A blind second rater coded 50% of responses, and interrater agreement was high (kappa = 0.81, p b .001), which is consistent with prior reported reliability [54] . The Eyes Test (child version) [57] is a social perceptual ToM task and is used to assess understanding of complex mental and affective states from the eyes. It is composed of 28 photographs of the eye region of male and female adults. The child selects one option from four words or short phrases that could describe either cognitive (e.g., 'thinking about something') or affective (e.g., 'worried') internal mental states. Test-retest reliability has been investigated, and the task is considered suitable for research purposes as an approximation of internal state understanding [58] . There are no norms available for the two advanced ToM tasks. Three separate regression functions of age onto the three scores (the mental states and physical states of the Strange Stories; the Eyes Test) were derived from the control group and were applied to the CWE to provide age-adjusted z scores with the control group's mean centered at zero and SD of 1.
The groups' mean raw scores are reported in Table S2 (Supplementary online materials).
Child communication
The Child Communication Checklist -2 [59] is a parental report questionnaire that is recommended as a screening tool for children who are presenting with language impairments or pragmatic difficulties or who may require further assessment for communication disorders. The measure includes questions on language structure (i.e., syntax and semantics) as well as social pragmatic communication (i.e., use of context and nonverbal communication). The CCC-2 provides an overall General Communication Composite (GCC) that was used in this study. It is the sum of 8 of the 10 subscales with a mean of 80 and an interrater reliability of .40. A GCC below 55 (the 10th percentile) is the recommended cutoff for problems of clinical significance [59] .
Behavioral problems
The Child Behavior Checklist (CBCL, 6-18 years) is a standardized parent report questionnaire that assesses a wide range of behavioral domains [60] . The attention and social problems narrowband scales and the internalizing and externalizing broadband scales were selected for this study. The scales have standardized T scores with a mean of 50 and a SD of 10. Test-retest reliability of the items is high (intraclass correlation = .95). Measures of internal consistency (Cronbach's alphas) of the scales range from α = .84 to α = .97, which is, again, considered high. The borderline clinical ranges are scores above 65 for attention problems and social problems and above 60 for the internalizing and externalizing scales [60] . There were 36 (58%) control children whose parents had returned the CCC-2 and CBCL questionnaires.
Statistical analyses
The three groups (CWE -below average, CWE -average, and Control -average) were compared on the child measures using analyses of variance (ANOVA) with Bonferroni alpha-adjusted post hoc tests for multiple comparisons. Mental age and SES were also entered into the models for the ToM tasks to account for the group differences reported in Table 1 . For the Mental States, Physical States, and the Eyes Test, forward selection was used with SES, IQ group, and mental age as explanatory variables, and the results of the most parsimonious models are reported. Analysis of covariance (ANCOVA) focused on the CWE -average and Control -average groups only as, in both these groups, all children had an FSIQ ≥ 80. This was in order to test if group differences in ToM remained after adjustment for lower IQ and language, not already accounted for by the IQ group factor. Chi-square analyses with Bonferroni adjusted post hoc tests were used to assess the proportions of children in the borderline or clinical ranges on the CCC-2 and CBCL parental checklists. Relationships between the child measures and the parent measures were assessed with parametric (Pearson's Product Moment) or nonparametric (Spearman's Rank Order for nonnormal data) correlational analyses. Because of the large number of comparisons, the appropriate threshold p-value for statistical significance was 0.001 rather than 0.05. The relatively small sample sizes for the groups meant that only a very strong relationship between variables would be likely to actually result in strict statistical significance (with alpha = 0.001, to obtain a power of 80% Fisher's z-transform implies that the magnitude of the correlation must be at least 0.6 when N = 39 and at least 0.8 when N = 17). Any correlations for which the associated p-values are below 0.05 but above 0.001 should, therefore, be viewed as indicating the possibility of a relationship, rather than indicating a strictly statistically significant relationship.
Not all parents of control children returned questionnaires. Control children without returned parental questionnaires did not differ in respect to demographics or the study measures from other control children. Furthermore, the means for the CCC-2 and CBCL scales for the controls with returned questionnaires were consistent with published norms. The subsample should, therefore, be representative of all of the controls. For the controls, there were no significant correlations between parental checklist scores and the child measures; therefore, the analyses are not reported for this group.
Analyses of epilepsy-related information (onset, duration, seizure in the last six months, and AEDs) revealed no significant differences between the CWE -average and CWE -below average groups. The CWE -below average group had a younger mean age at onset and a longer mean duration compared with the CWE -average group, but the differences marginally failed to reach significance (Table 1) . Only age at onset and duration were selected as variables of interest as the presence or the absence of seizures in the last 6 months was not a significant additional predictor. Age at onset and duration of epilepsy are interrelated. Where correlations were found with the child measures, the two epilepsy variables were entered into stepwise multiple linear regressions, and the model with the single best predictor was reported [28, 61] . The residuals of the reported regression models were normally distributed (Kolmogorov-Smirnov all p N 0.05). Evidence for a relationship between illness-related variables and cognition is more consistent than with reported behavior [8, 38] . Primary interest in this study lies in the relationships between epilepsy developmental variables and child measures. Therefore, any associations between epilepsy developmental variables and parental checklists were not of direct interest and are not reported. Fig. 1 displays the group means and standard errors for all the child measures (z scores for IQ and language task are calculated from means and SDs of the published standardization samples). The results of the ANOVA comparisons between the three groups (CWE -below average, CWE -average, and Control -average) for IQ, language, mental state and physical state sets of the Strange Stories, and scores on the Eyes Test are provided in Table 2 . The CWE -below average group had significantly lower scores on all measures compared with the Controlaverage group. The CWE -average group was significantly lower than the Control -average group for FSIQ, language, and mental state stories. An ANCOVA was used to determine if adjustment for lower FSIQ and language scores explained the lower mental states scores in the CWEaverage group compared with the Control -average group. After adjustment for both lower FSIQ scores (F(1, 97) The number of children who were in the impaired range (lower than 1.5 SD below the mean) on the Recalling Sentences verbal memory task was 9 (53%) in the CWE -below average group, 9 (23%) in the CWEaverage group, and 2 (3%) in the Control -average group. Fig. 2 displays the proportion of children in the borderline 'at risk' or clinical range for the CCC-2 and the CBCL scales, and Table 2 contains the results of the chi-square tests that compare the three groups. The CWE -below average group had significantly more children in this range compared with the Control -average group for all measures. The CWE -average group had significantly more children in this range for communication, attention problems, and internalizing compared with the Control -average group. The CWE -below average group had poorer communication and greater attention problems compared with the CWE -average group, but the two groups did not differ on social problems, internalizing problems, or externalizing problems.
Results
Group comparisons
Cognition, language, and Theory of Mind
Communication and behavioral problems
Relationships between cognition, language, Theory of Mind, and communication and behavior
Analyses of relationships between the child measures and the outcomes on the CCC-2 and CBCL scales showed that in the CWE -below average group, lower scores on the Eyes Test significantly predicted poorer communication on the GCC (rho (17) = .52, p = .034), greater attention problems (rho (17) = −.49, p = .047), and increased social problems (rho (56) = − .48, p = .054). In the CWE -average group, lower mental state scores predicted poorer reported communication on the GCC (r (39) = .32, p = .045) and increased attention problems (r (39) = − .34, p = .037). No other significant relationships were found in either of the groups. 
Epilepsy developmental variables
An earlier age at onset was associated with a longer duration (r = −.56, p b 0.001), and this relationship was very similar in both CWEbelow average (r = −.54, p = 0.027) and CWE -average (r = −.55, p b 0.001). In analyses of all CWE, lower FSIQ was correlated with a younger age at onset (r = .41, p = 0.002) and a longer duration (r = −.30, p = 0.025). A multiple linear regression found that an earlier age at onset was the stronger predictor and explained 17% of the variance in the scores (F(1, 55) 
Discussion
The findings indicate impaired performance on ToM tasks in children with epilepsy (CWE) with below average and average cognitive function. The CWE -below average IQ group demonstrated lower performance on the Eyes Test and both the mental and physical state Strange Stories. The CWE -average IQ group performed worse than controls on the mental state stories, a difference that remained after adjusting for lower mean IQ and language. The performance of the two CWE groups on the study measures indicated comorbidity between neuropsychological impairments (that include poor ToM skills), attention problems, and poor communication. When the associations between the child tasks and reported difficulties were addressed in the CWE -below average and CWE -average groups, it was only the two ToM measures that tapped mentalizing skills, the Eyes Test, and the mental state stories, respectively, that were significantly related to these parental reported difficulties.
In the CWE -below average IQ group, performance on the Eyes Test was the least impaired relative to the other child measures, yet it emerged as the only correlate of reported communication, attention, and social problems. This would indicate that children with the greatest difficulties also demonstrate dysfunction in lower-order, relatively automated social perceptual processes, as tapped by this test [57] . Despite the significant impairment observed on the Strange Stories, performance was unrelated to the parental reports. Prior studies with children with learning disabilities have also failed to find a link between ToM performance and reports of social competence [62, 63] . This was attributed to greater variability in how different cognitive and linguistic skills contribute both to task performance and everyday social interactions in children with more diffuse deficits [62] . The Strange Stories may not be able to clearly distinguish ToM from other nonsocial cognitive and language skills in lower functioning children. It may also be that parents focus more on nonverbal social interaction abilities, and this may account for the stronger relationships found with the Eyes Test. It has been previously noted that reports on the GCC may be moderated by parents' expectations of communication skills, given the child's age and development [33] . This could partly explain the pattern of associations found here and may also be contributing to the measure's low reliability.
The analyses of illness-related variables replicated the link between an earlier age at onset and lower FSIQ, and, in the below average group, a longer duration of epilepsy strongly predicted greater impairment on the Strange Stories task. This is consistent with the view that the interaction between the underlying neuropathology and poor seizure control affects the developmental integration of multiple domains, thereby resulting in poor higher-order language and reasoning [64] . Byars et al. [48] reported that children assessed at onset, who then go on to develop persistent seizures, showed greater initial language dysfunction and impaired acquisition of further language skills that were related to declining social competence.
In the CWE -average group, there was a correspondence between the lowest scores observed on the mental state conceptual ToM task and poorer communication and attention problems. The presence of significantly poorer language in this group compared with controls also suggests that language deficits should not be ruled out as an important developmental correlate of sociocognitive skills. However, the particularly impoverished mental state performance in all CWE points toward additional explanatory factors beyond cognition and language.
Longitudinal research with typically developing children has provided evidence for a bidirectional relationship between ToM skills and social interaction in the development of later 'social understanding' [65] . Children who experience early peer rejection show slower acquisition of age-propriate reasoning on social faux pas [66] , and children who report feelings of isolation and peer rejection are more likely to display atypical forms of mentalizing [67] . In contrast, advanced mentalizing abilities have been linked to prosocial and reciprocal peer interactions in early childhood [68] . Hamiwka et al. [11] reported preliminary analyses of classroom observations of social functioning of children with epilepsy. Children with epilepsy were less likely to be nominated as best friends or have their friend nominations reciprocated. Teachers also observed less engagement and assertiveness, poorer social skills, and greater autistic spectrum symptoms.
Sociocognitive deficits may be antecedent to onset, as is seen in other cognitive domains [21] and with behavioral problems [69] . Information on verbal and nonverbal social communication skills in children with recent onset epilepsies also remains limited. Berg et al. [10] recently reported that social and communication skills in CWE measured in early childhood predicted later IQ and academic outcomes in adolescence. Direct assessments of sociocognitive and communication skills in conjunction with observations of social functioning would provide a better account of the overlap between neurodevelopmental and social factors that are contributing to children's social trajectories.
Despite elevated internalizing and externalizing problems found in all CWE, no significant correlations were found with scores on any of the child tasks. The proportions of children in the 'at risk' ranges were consistent with previous findings where internalizing problems span the IQ distribution, whereas social and externalizing problems are observed with greater frequency in children with lower IQ [38, 39, 70] . The lack of associations suggests other mediating factors that were not addressed here. The ToM tasks also do not address specific social information processing biases that are strongly implicated in behavioral and affective disorders, and this may partially explain the lack of correlations with internalizing and externalizing problems.
The study's methodological weaknesses included the self-selection of families and a small and heterogeneous sample limited exploration of neuropsychological deficit profiles and relationships between the child tasks. Further limitations include the lack of standardized ToM measures. There were missing parental data in more than half of the controls, and the lower mean Recalling Sentences scores suggest possible language problems in some control children. The use of only one subtest may also have failed to account properly for the role of language ability in task performance and reported difficulties. Because of multiple testing and the small sample sizes, it would also have been very unlikely to obtain strict statistical significance in the correlational analyses. The CCC-2 and CBCL were also highly correlated in both CWE and controls, whereas the child measures predicted the two checklists only in CWE. This suggested an issue of shared method variance between the two checklists. Direct assessments were needed to tease apart the different components measured by the checklists. The GCC also had low reliability. Direct assessments of children's nonverbal communication and verbal communication as well as any attention deficits may have provided a clearer picture of the relationships with the ToM tasks.
This work has demonstrated that CWE are vulnerable to ToM deficits that are associated with reported attention problems and impaired communication. This is the case for children with below average and for those with average cognition. The social perceptual and social cognitive components of the two ToM tasks also emerged as a more conspicuous marker than Full Scale IQ and language in accounting for these problems in the two groups, respectively. It is also important to recognize the marked disparity between the high number of children who were in the 'at risk' range for difficulties in multiple functional domains and the few in receipt of additional help at school or that had been assessed for a neurodevelopmental or psychiatric disorder. The findings provide clear support for the call made by clinical experts for greater access to integrated networks of clinical and educational assessment services for children with epilepsy [71] .
